The conductometric behaviour of lithium chloride in water-sulfolane mixtures, at 35 °C, was investigated within the salt concentration 2 x 10 -4 -r-1.5 x 10 -2 moles/1, and within the solvent media dielectric constant range 75 (pure water) -r-43 (pure sulfolane). A few solutions of RbCl and CsCl suitable for comparison, were also investigated.
Introduction
We are engaged in an electrochemical research on the conductance of alkali chlorides in sulfolanewater mixtures 1 .
Previous data on sodium and potassium chlorides allowed us to evidence a noticeable association to ion pairs, unusual in other isodielectric media, while the association order of alkali chlorides was suspected to be reversed in these mixed solvents.
We refer here the results of some conductance measurements on lithium chloride solutions, at 35 °C, where the salt concentration ranged within 2-10 -4 and 1.5-IO -2 moles/liter, and the composition of the solvent covered the whole range 0 ^ N2 ^ 1.
To provide further informations conductometric data were collected also on RbCl and CsCl, at 6.5-10 _3 -f-110 -3 moles/liter, in a -92 weight % sulfolane solution.
The results seem to support our previous assumptions.
Experimental
Solvent purification was already described 1 . Lithium chloride (Merck Suprapur) from a freshly opened bottle was fused in a platinum crucible. Then it was poured into a weighing tube and sealed 2 .
Stock solutions were made up by adding to weighted samples of the solvents the weighted samples of the salt. All weighings of the salt were carried out in sealReprint requests to Prof. L. JANNELLI, Istituto di Chimica Fisica dell'Universitä di Bari, Via Amendola 173, Bari (Italy). ed tubes. The subsequent solutions were prepared from the initial solution by dilution. Large enough samples were used to minimize errors in weighing. All the manipulations were carried out in a dry-box filled with oxygen-free nitrogen to protect the solutions from moisture.
The concentrations c in moles/liter were calculated from the molal concentration m (moles/kg solvent) by the equation: c/m = g -k m (g = density g/ml of the solvent mixture at 35 °C) the constant term k being 0.0135 in the case of LiCl; 0.052 and 0.034 for CsCl and RbCl respectively.
The procedure adopted in measuring density (o), viscosity (rj), dielectric constant (D) and the conductance apparatus were the same as previously described
Results
The physical properties of the solvent mixtures, Q, rj and D are summarized in Table 1 , where w2 is the weight % and N2 the mole fraction of sulfolane.
Conductance data for lithium chloride are summarized in Table 2 , whereas in Table 3 the data concerning RbCl and CsCl are reported. The term AA is the difference between the observed conductances and those calculated by the equations:
(1) and = + (2) according to the Fuoss, ONSAGER and SKINNER 3 treatment.
The derived parameters A0, al , A, a A are summarized in Table 4 , together with the A0 r] products, the standard deviation of each parameter, and the standard deviations o of the individual points.
For comparison the corresponding values in pure water 4 are also given.
To analyse the systems 4 -r-9 in Table 4 the three parameters Eq. (1), which takes into account association, was used.
Association was undetectable for systems 2 and 3, so the data were reanalysed using the two parameters Equation (2).
In the case of system 10, concerning solutions of lithium chloride in pure sulfolane, owing to the fact that the association term A becomes of the order of 10 4 , the program computation converges slowly or fails to converge and it was preferable to use the method of Fuoss and KRAUS 5 involving the simpler limiting form of Equation (1) :
which is linearized by the transformation
where F is a tabulated function.
In Fig. 1 the difference A' -A0 is plotted against the molar concentration c of the electrolyte, each curve referring to a different solvent composition. No association can be evidenced for dielectric constants Z)> 62, in agreement with the linear dependence of the A f -Aq term on c in curves 2 and 3.
The linear dependence of Ff A on cAf 2 /F is shown in Fig. 2 , the intercept being l/A0 and the slope A/Ao 2 (A = 14595; A0 = 15.919). 
Discussion
As observed in the case of (Na, K)C1 water-sulfolane solutions, also for LiCl the addition of sulfolane results in a steady decrease of A0, and in a noticeable association to ion pairs for systems where Z)< 62. For the solvent systems 4 -r-7, log A exhibits a straightline dependence on 1/D (Fig. 3) ; however, a dramatic increase of the A term occurs in pure sulfolane (A = 14595 at t = 35 °C; the value calculated by the same method from PRINI and PRUE'S conductance data 6 being 15687 at 30 °C).
The ion distance of closest approach steadily decreases, on adding sulfolane, down to a value of 1.35, scarcely affected by the solvent composition, in the dielectric constant range 55 -4-47. (The related values for NaCl and KCl were 1.5 and 2.0 respectively).
The Waiden products, ranging within 1.01 -f-1.11 in mixed solvents, abruptly rise up to 1.4 in pure sulfolane, affording further evidence to the supposition that the conduction mechanism, in pure sulfolane, might be changed.
A comparison with (Na, K)C1 conductance data, in pure sulfolane, is lacking owing to the poor solubility of these two salts. It may be observed that K + and Na + are more conducting than Li + in watersulfolane solutions, just as in pure water. On the contrary, Rb + and Cs + ions are less conductive than K + , at least in the solvent systems taken into account, in agreement with previous conductance data on dioxane-water solutions 7 .
The different ion behaviour is, however, less pronounced in sulfolane licher solutions.
Attention must now be called on the association order of alkali halides: CsCl ^ RbCl < KCl < NaCl < LiCl, which appears reversed with respect to the usual order in common solvent media. A similar sequence was already observed in some other aprotic solvents, as acetone and nitrobenzene, in the case of alkali picrates 8 .
A reasonable interpretation of this behaviour might be given on the assumption that competition of sulfolane in ion solvation is nearly lacking. Let us suppose that unsolvated ions are more liable to form stable ion pairs and that the fraction of solvated ions is a smooth function of the properties of the solvent; then the increase of association, on adding sulfolane, may be explained, as well as the linear dependence of log A on 1 /D, for water-sulfolane solutions.
Ion association is indeed expected to increase with decreasing dielectric constant of the solvent medium and ion size. An easier reduction in the number of solvated ions on adding sulfolane accounts for the higher ability of the lithium ion to form stable ion pairs, even in water-sulfolane solutions; the nearly complete desolvation of ions in pure sulfolane would be responsible for the dramatic increase in the association constant.
The larger mobility of lithium ions in pure sulfolane 9 appears consistent with this assumption, as well as the low ionic radius; to this purpose a more complete interpretation of the distances of closest approach, lower than crystallographic radii, for several salts in pure sulfolane, was given by PRINI and PRUE 10 in terms of dielectric saturation. In Fig. 4 the Waiden products A0 rj vs. N2 are plotted. Apart from the above mentioned mobility order (£ + >Na + >Li + ), the three salts show a similar dependence on medium composition of the Waiden product which appears, however, to tend to a common value at N2 = 0.6 -r-0.7. The behaviour of the A0 rj terms can be reasonably referred to the overlap of several effects on ionic mobilities: the gradual collapse of water structure on adding sulfolane, the local change of viscosity in the proximity of ions and the probable desolvation, which predominates in sulfolane rich solutions n . The curves of Fig. 5 , where the Waiden products (normalized to water) are plotted vs. composition, support the idea that a careful consideration of specific ionic influences on solvent structure 12 is a prerequisite for a meaningful discussion.
These plots appear suitable to differentiate the behaviour of structure maker ions, such as Li + and Na + , from that of larger ions (K + , Rb + and Cs + ), which are certainly structure breakers.
